The present work is a review of the literature of clerodane diterpenes from Croton species. It contains a compilation of 13 C NMR data of 83 of these diterpenoids and their biological activities. This review covers a period from 1969 to October 2005 and 224 references are cited.
The genus Croton, one of the largest genera of flowering plants, comprises about 1300 species distributed in the tropical and subtropical regions of the world [1] . They are herbs, shrubs and trees and have a widespread use [2] as medicinals in several local pharmacopoeias [3] . In general, they are useful as stimulants and tonics [4] , insecticides or vermifuges [5] , diuretics [6] , antiseptics [7] , purgatives [2, 8] , analgesics and antipyretics [2] , and to treat wounds [6, 9] , tumors [6, [10] [11] , cancer [9, 12] , epilepsy [13] , diabetes [14] [15] [16] [17] , inflammation [9, 15] , malaria [18] [19] [20] [21] , fever [22] [23] [24] [25] [26] [27] , diarrhea [14] [15] 25, 28] , tuberculosis [26] , and for a variety of gastrointestinal symptoms [28] [29] [30] .
Due to its high incidence and species dispersion, the genus Croton contains by far the largest number of oil producing species [31] . The analysis of the essential oil of some of them have been reported [2, [31] [32] [33] [34] [35] [36] [37] , and monoterpenoids, sesquiterpenoids and phenylpropanoids were identified as major constituents. Recently, several papers on the biological properties of Croton oils have also been published. Among these activities are gastroprotective [38] [39] , myorelaxant [40] , antispasmodic [41] , antinociceptive [42] [43] , and behavioral [44] .
Phytochemical studies of Croton species have led to the isolation of alkaloids [2, [45] [46] [47] [48] [49] [50] [51] [52] [53] , flavonoids [54] [55] [56] [57] [58] [59] [60] [61] [62] , terpenoids [13, 23, 57, [59] [60] [61] [62] [63] [64] , and a large number of diterpenoids . The later include different structural types: tiglianes [2, [65] [66] [67] [68] [69] [70] , kauranes [70] [71] [72] [73] [74] [75] [76] [77] , trachilobanes [61, [78] [79] [80] [81] , crotofolanes [13, [82] [83] [84] , atisanes [85] [86] , labdanes [80, [87] [88] [89] [90] [91] , pimaranes [2, 79, 85, 91] , cleistantanes [92] [93] , cembranes [93] [94] [95] [96] [97] , sarcopetalanes [86] , halimanes [81, 86, [98] [99] [100] [101] [102] , clerodanes (Table 1) , and others. Besides mentioned compounds, lignans [12, 49, 53] , benzenoids [33, 46, 51, 55] , polyprenoids [23] , and quinoids [103] also have been isolated.
Diterpenes are secondary metabolites with a large variety of structural skeletons and are found mainly in higher plants. The interest in the isolation of these compounds is due to their biological activity, ecological function, use as templates for synthesis [104] [105] , and as chemotaxonomic markers at infraand supra-genus levels [106] . The physiological role of clerodane diterpenes in the plant species from which they are isolated is usually unknown. Nevertheless, the ability to synthesize these metabolites can be of benefit to plants [105] .
C. eluteria, commonly known as cascarilla, has been widely used in traditional folk medicine as a replacement for Cinchona bark and 'Cascara Sagrada' and to treat various diseases, but only antifungal (plant pathogens) [111] , insect attractant (Blatella germanica) [112] and effects on gastric acid secretion [102] have been observed so far. A series of clerodane diterpenes (I.13-I. 16 , I.20, I.29-I. 35 , II.3-II.10, and II.26-II.28) differing mostly in the functionalization of ring A and/or the ethylidene linker connecting ring B and the furan moiety, have been isolated from this plant. However, only cascarillin (II.3) was evaluated for its biological activity, which significantly increased histamine-induced gastric acid secretion in the mouse stomach [102] .
C. cajucara, commonly called 'Sacaca', is a Brazilian medicinal plant whose leaf and bark extracts are used extensively by populations in the Northern region to treat various diseases [58] . Its cortices are known for their anti-diabetic and antilipotropic properties [113] , and to treat diarrhea, and inflammation of the liver [114] . Extracts from the cortices of this plant showed activity against topical inflammation in the mouse ear induced by teleocidin. The bioassay-guided fractionation of the dichloromethane extract led to the isolation, of the active substances, cajucarinolide (II.2) and isocajucarinolide (II.30). These compounds also exhibit potent in vitro inhibition of bee venom phospholipase A 2 (PLA 2 ) [114] . In addition, the methanol extract exhibits strong insect growth inhibitory activity in an artificial diet feeding bioassay using the lepidopteran pest insect Pectinophora gossypiela. Fractionation of this extract I. 43 =O Species.   2  3  5H  10H  12  15  16  17  18  19 20
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resulted in the isolation of trans-dehydrocrotonin (II.23) and cis-dehydrocrotonin (II.24), which also were active (ED 50 30 ppm) [14] . The bark and leaves of this plant are also used to treat a wide range of gastrointestinal symptoms [115] . Transdehydrocrotonin (II.23), the major constituent from bark [115] , and trans-crotonin (II.16) [116] showed a significant antiulcerogenic effect on ulcers induced by ethanol, hypothermic restraint stress, pylorusligature, and indomethacin. Both compounds also presented antitumor activity [117] and reduced the in vitro uptake basal acid secretion induced by histamine and inhibited the in vivo basal acid secretion in pylorus-ligature rats and oxyntic glands isolated from rabbit gastric mucose [60] .
The cytotoxicity of trans-dehydrocrotonin (II.23) was also studied. Inhibition of cell viability in V-79 fibroblast cell cultures (IC 50 240 μM) [115, 118] , reduction of the number of human promyelocytic leukemia cells (IC 50 500 μM), mitochondrial function (IC 50 300 μM), phosphatase activity (IC 50 180 μM), and protein content (IC 50 150 μM) were observed [119] [120] . Trans-dehydrocrotonin (II.23) also presented antidiabetic [121] [122] , antiestrogenic [123] , hypoglycemic [124] , antigenotoxicity [125] [126] , anti-inflammatory, and antinociceptive effects [60] . [56] . These inhibition activities help justify the use of the sap as an anti-infectious agent. Korberin A also showed a marked inhibition on the proliferation of endothelial cells [56] .
Hydroalcoholic extracts of C. oblongifolius that occurs in Thailand and India presented hypotensive, histaminergic and smooth muscle stimulant effects ( C. schiedeanus, is a tree which grows widely in South and Central America. In Colombia, it is used in folk medicine for treating hypertension [128] . Often diterpenoids isolated from this plant (Table 1) , four, (12R)-12-hydroxycascarillone (I.43, ED 50 0.3 mM), 5β-hydroxy-cis-dehydrocrotonin (II.29, ED 50 96 mM), trans-dehydrocrotonin (II.23, ED 50 > 100 mM) and cis-dehydrocrotonin (II.24, ED 50 1.5 mM) showed vasorelaxant effect by KCl-induced contraction in rat isolated aortic rings. The activity of cis-dehydrocrotonin was increased when the compound was incorporated simultaneously with ayanin to the aortic rings pre-contracted with phenylephrine. These results suggest that C. schiedeanus induces its effects via the synergistic actions of several vasodilator substances, among which neo-clerodane diterpenoids play an important role [129] .
C. sonderianus is a very common shrub of the Northeast region of Brazil and formulations of the plant are used in popular medicine in the treatment of gastric disturbances. In a specimen that occurs in Brazil, antibacterial, antifungal, antimycobacterial and molluscicidal activities were observed ( Table 2) . From hexane and EtOH extracts with antimicrobial activity in preliminary qualitative assays [130] [131] , (-)hardwickiic acid (I.5), trans-annonene (I.8), and transcascarillone (I.17) were isolated. Trans-annonene was devoid of any antimicrobial activity; I.17 presented only marginal antifungal activity, while I.5 showed a significant activity against Bacillus subtilis, Staphylococcus aureus, Mycobacterium smegmatis and Trichophyton mentagrophytes [130] [131] .
The acetone extract from stems of C. sublyratus showed significant inhibitory effect against reserpineinduced ulcers in mice and Shay-ulcers in rats. From this latter active fraction, two clerodane diterpenes, plaunol A (II.36) and B (II.37), with anti-Shay ulcer activity at 10 mg/Kg were isolated [132] .
C. urucurana is a tree widely used in traditional medicine to treat rheumatism, cancer, wound infection, and to accelerate wound healing [58] . The aqueous extract from the resin of this plant exhibits antibacterial activity against Salmonella typhy (IC 50 13.2 μg/mL) [133] . Of the three clerodane diterpenes (I.38, II.41 and III.3) isolated from this plant only sonderianin (II.41), previously isolated from C. sonderianus [134] , showed specific activity against M. smegmatis and S. aureus [93, 134] .
C NMR Data of Clerodane Diterpenes
from Croton Species 13 C NMR spectroscopy has been widely employed for the characterization of the different skeletons of clerodane diterpenes. The assignments of carbon signals of a new clerodane diterpene by comparison with the data of known compounds require the 13 C data of appropriate model compounds. It would appear to be of value to provide an easy access to an extensive list of 13 C data of these diterpenes. So, this paper reports a compilation of the published data of 83 clerodane diterpenes that occur in Croton species (Tables 3-5 ). These data are grouped according to skeleton structural type and covers the literature up to 
Fresh Latex
Not Stated South America [190] Antiviral -Virus-Cytomegalovirus (LC 50 0.28 μg/mL) and Virus-Sindbis (LC 50 < 1 μg/mL).
Bark
EtOAc Peru [188] CNS depressant -(Mouse, IG) vs. exploratory assay, ED 50 
EtOH (95%) Ethiopia [197] Early antigen viral induction stimulation -(Lymphoma-Raji) at 10 μg/mL Seed Ether East Africa [198] Inflammation induction -(Rat plantar) at 12.5 mg/mL. Early antigen viral induction stimulation -(Lymphoma-Raji) at 10 μg/mL.
Seed oil

C. megalocarpus
Seed Ether East Africa [198] Epstein-Barr virus activation -(Cells-Raji) at 2-10 μg/mL.
Fruit
Ether Kenya [206] Mitogenic -(Lymphocytes human and mousespleen, Cell culture), conc. used not stated.
Bark
Protein fraction Kenya [201] Molluscicidal -Biophamlaria pfeifferi, conc. used not stated.
Leaf + Stem H 2 O Kenya [207]
Antispasmodic -(Guinea pig, ileum) vs. Ach and histamine-induced spasms, conc. used not stated. Antibacterial -Bacterial species and conc. used not stated.
C. oblongifolius
Root Hexane
Brazil [131] [139] Antibacterial -(Several Gram-positive and Gram-negative organisms), conc. used variable.
Root bark
EtOH (95%) Brazil [130] Antifungal -(Helminthosporium species, Polyporus sanguineus, Saccharomyces cerevisiae, and Trichophyton mentagrophytes) at 1 mg/mL.
Root
Acid-H 2 O, Hexane
Brazil [130] Antimycobacterial -(Mycobacterium smegmatis) at 1 mg/mL.
Root Heartwood
Acid-H 2 I.3 [71] I.4 [136] I.5 [131] I.6 [139] I.7 [86] I.8 a [131] I.9 [140] I.10 [140] I.11 [ I.14 [142] I.15 [142] I.17 [131] I.19 c [144] I.20 [33] I.22 [145] I.23 [145] I. 24 I.27 [57] I.28 [76] I.29 [147] I.30 [147] I.31 [147] I.32 [147] I.33 [147] I.34 [147] I.35 [ I.37 [148] I.38 c [150] I.39 [148] I.40 [148] I.41 [151] I.42 [145] I.43 b [152] I.44 [136] I.47 d [157] I.48 [ Position II.12 [91] II.13 [62] II.15 [13] II.16 [224] II.18 [144] II.19 c [144] II.20 [165] II.21 [166] II.23 [14] II.24 [14] II.26 [147] II.27 [ Position II.28 [147] II.29 [162] II.30 a [114] II.32 [127] II.33 [127] II.34 [169] II.35 [170] II.40 [139] II.41 [134] II.42 [173] II.43 [ Position III.2 [176] III.3 [150] III.4 a [177] III.5 a [177] IV.1 b [46] IV.2 b [46] IV.3 [71] IV.4 [178] IV.7 [ 
